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1. INTRODUCTION

n, The computer code A32CODE performs automatic analysis of the AFRPL
! single-color transmissometer data to obtain the volume~to-surface mean radius
ajp of plume- particles and estimates of its error caused by uncertainty in
size distribution, complex index of refraction, and experimental data. The

l“ code congists of two parts: the actual program (A32CODE) and subprograms for
analyzing the data, and files of Mie scattering parameters (UQFILE and
BQFILE).

The method of analysis has been presented in detail in Section 4.1 of
E Ref, 1 and is only briefly reviewed here in the discussions of how the code
works. The input data required by the code are defined in Table l. With the
data of the first card and the data of either UQFILE (if DISTR = U) or BQFILE
(1f DISTR = B), the upper and lower error bounds of 6/a32 versus a,, are
constructed and storeds, With the data from the second and subsequent cards,
the experimentally determined value of 6/332 is computed and used with the
"t constructed curves to determine aj, and its error. An example application is

described in a later section,

oy my . .

le S« J. Young, Considerations on the Retrieval of Plume Particle Properties
from the AFRPL Traunsmissometer and Polarization Scattering Experiments,
AFRPL-TR- 84 - 047 , U, S. Alr Force Rocket Propulsion Laboratory, Edwards
Air Force Base, California, August 1984,
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2. MIE PARAMETER FILES

The ¢two files UQFILE and BQFILE contain the Mie scattering
parameter 5/332 averaged over all possible unimodal and bimodal rectangular
size distributions, respectively, for which X349 is fixed at the tabulated
valne. The files contain entries for the 54 pairs of n, « values implied by

n = 1,60, 1.65, 1,70, 1.75, 1,80, 1.85, 1.90, 1.95, 2.00
k=0, 2x 1074 2x 1073, 2 x 1072, 0.2, 0.5

t

The structure of eira‘r file is defined by the FORTRAN read sequence of

subroutine READQ (a listing of the code is given in the Appendix). NINDEX(N) L

(N=1,9) and KINDEX(K) (K=1,6) are the arrays just listed. X32(I) (I=1,41) is DN

the array '
xa, (1) = 1021k, (1-1); 1=1,415 x,(1) = 0,1 3
32 32 ’ * 732 *

QBAR(N,K,I) 1is the value of Q/xj, averaged over the size distribution,
QSIG(N,K,1I) 1is the standard deviation of variation about the mean value,
QMIN(N,K,I) is the minimum value in the variation, and MAX(N,K,I) 1s the | 1
maximum value in the variation,
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3. A32CODE DESCRIPTION

The first step in A32CODE is to read the input data of the first data o
card and the data of either UQFILE or BQFILE. The latter 1is done by :
subroutine READQ. The data of the first card specify the degree of ignorance
assumed in n and x, the wavelength, and whether the analysis is to be done

using a unimodal or bimodal rectangular particle size distribution (see Table e
1 for details). : ' o
The next step is to effect a variation over n and x, The ranges of n 1
‘ and x are divided into NN-1 and KK-1 equal size subintervals and the five Q- .
Hl variables described above are computed at the NNx KK grid points for all 41 -
_ 1
values of x32 (the code uses NN=KK=5, but these numbers can easily be i
changed), The computation of the Q values consists of interpolations on the
values in either the UQFILE or BQFILE, The interpolation is of the form
3 , Log Q = (A+Bn) + (C+Dn)« (1) "
' and 1s performed in subroutine QINT, At each of the 41 values of X397, two :j'._:‘
upper and two lower bounds of 6/332 are determined, These are —d
MR
QMAX] = max (QBAR+QSIG) ¢ :‘3.‘-;
QMAX2 = max (QMAX) c (2) kg
QMIN] = min (QBAR-QBIG) c .t
QMIN2 = min (QMIN) ¢ -

where max ( ) and min ( ) denote the maximum and minimum values, respectively,
in the NNx KK set of variation values, (MAX1 and QMIN] represent "optimistic”
error bounds in that they are the traditional root-mean-square (rms) -
deviations from the mean. MAX2 and QMIN2 represent “pessimistic” error
bounds 1in that they are the absolute maximum and minimum values 1in the
variation over index of refraction and size distribution. If QMINl 1is less
than or equal to zero, it is replaced with (MIN2., The constant c is 2¥/) and - 4
transforms Q/x,. into O/aaz with unit m~l, !

32
The end result of the variation then, is two sets of upper and lower
bound curves versus ajj;e In the code, these curves are denoted by

11
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BL(m,1) }
1=1,41
BU(m,1)

where L implies “lower”, U implies “upper”, wel implies rms error and m=2
implies full-range error, These curves are eséentially the bound curves of,
for example, Fige. 31 of Ref. 1. The four curves are plotted versus a3, in
subroutine PLOTB (note, x32 = 2%a3,/) )e

For subsequent analysis, 1t 1is convenient to have an algebraic
representation of these curves. Here, a quadratic fit 1is made on the
logaritha of the curves. In each interval a; to ag4] with 1=1,40, the curves

are approximated by [B(x) is any one of the bound curves and a is aj;]

v, + B/ln (a/a,) + o 1n’(a/a,)

Bi(a) = e (3)
where
B, B
a = 5 1 1n ( 4 ;+2) (4a)
21ln (‘1+l/ai) Bt*‘
4
8, = Lo 1n { 21 ) (4b)
1 2ln (a,,,/a 3
#+1'% B, By,
Y- In Bi (4c)
for 1=1,39, and
oG 9 B "By Y " Y3 (s)

for 1=40,

In the code, these coefficlent arrays are denoted by

ACL(m,1) W
BCL(m,1) '
ccu(m,1) | 1=1,40
ACU(m,1) w=1,2 (1.e., rms or full-range error)
BCU(m,1)
CcCU(m,1) | 1]
12
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This curve fitting is done in subroutine CURFIT, In addition to the curve
ficting, the peak value of each curve is computed in CURFIT and stored as

YLMAX(m)
a=1,2
YUMAX(m)

At this point in the code, a loop is initiated over experimental input,
One card at a time is read in, the data contained on it are analyzed, and the
regsults for mean particle size and error printed out. The loop continues
until an end-of-information card is reached, at which point, the code stops.

The experimental input data required are described in Table 1. From
these data, the experimental value of 6/4;32 (denoted by Y in the code) is
computed from [see Eq. (42) in Ref, 1]

4d
3LC
m

4

Y(in wm}) = - 10 " 1n t (6)

Its experimental error is determined from

DY = Y\/(;)2 + (%)2 + (ﬁ‘ﬂ)z + (T-%)z (7)

The experimental bounds on 6/332 are then defined by

YP = Y + DY (8)

M =Y~ DY
At this point, an analysis is made of where these two bounds (ie., YP and
YM) intersect the BU and BL curves. (A loop is made over m=l and 2 so that
the following is done for both the rms and full-range error bound cases), The
primary differentiation on the manner of analysis is made by testing the
magnitudes of YP and YM with YUMAX and YIMAX. The most general case occurs
when YP 18 less than YIMAX, that is, when the upper experimental bound lies
below the peak of the lower bound curve, This condition is shown in Fig. 1.
In this case there are two well-defined regions of the a3, axis where the
experimental data are consistent with the analysis curves. They lie on either
side of the peaks of the curves BU and BL and are designated here as lying in

13
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Fig. 1. Intersection Diagram for Retrieval of a3y and Error
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the “upper” or "lower"™ branch of the analysis curves. The eight points of
intersection of YP and YM with BU and BL shown in Fig. 1 are computed in
subroutine ROOTS (described later). The retrieved a3, and errors are defined
in terms of the aj; coordinates of these points by

% [‘;l + ‘Il +ag +a;,;] on lower branch
a b (9a)
32 1.+  + . - - :
T (o, + ayy + aj,+ ay,]  on upper branch

% ({1 = ';1) on lower branch
bay, = (9b)
% ('t-yz = ‘L; ) on upper branch

(The code symbols for these intersection points are AUIP, AL1P, AUIM, ALIM,
AL2P, AU2P, AL2M and AUM),

In most cases, it will be known from experimental conditions which of the
two retrieved values is releveant. For those cases where it is not known, the
code also computes a “"branch undetermined” retrieval value for 839, In
principle, this value and its error could be determined from the four
intersections of YP and YM and BV by

*32 '% [‘J:A

+ (10)

‘;2 + .;2 ]
— 2
bajy, ";' (2g2 = oy1)

In practice, however, these values are more conveniently computed in the code
from the intersections of the mean experimental value Y with the upper bound
curve BU (Fig. 1) by

a3, '% (a) +a) -
11

1 )

Bay, =3 (3, - &,

(The code symbols for these intersection points are Al and A2,)

15




1f the upper experimental bound YP is greater than the peak YLMAX of the
lower bound curve, there are no well-defined “upper” and “lower™ branch
regions., For this case, a "branch undefined” analysis is made exactly as for
a "branch undetermined” case. That is, the intersections of Y with BU are
deterained and Eqs. (11) used to define the retrieval aj, and error. A minor
variation {i{s made 1if Y 1is greater than YUMAX (so that there are no
intersections of Y with BU) — the value of YM is used in place of Y. If ¥M
18 greater the YUMAX, no analysis is possible. (Also, analysis is skipped if
YM is less than the lowest value of BL in the entire a;, range.)

For all cases of analysis, the intersection of a line Y (i.e., Y, YP, or
YM) with a bound curve B (i.e., BU or BL) is mede in subroutine ROOTS using
the algebraic representation for B defined by Eqs. (3)-(5). In each of the 40
subintervals, a test 1s made to see if there are any intersections of Y with
the quadratic form of Eq. (3). There will be no real intersections if

2
F=8 - 4q1 (yi-ln Y) <0

and two intersections (they may be equal) otherwise. These intersections are

o112 (F + B, )/ 20,

-aié
A further check is made to see 1if these roots occur in the interval a; to
ag41» If they do, they are saved. After all roots in all 40 subintervals
have been found (there may be many roots if B fluctuates up and down a lot) a

search 1s made for the smallest and largest, These two are returned to the
main code as the relevant intersection points.

16




]
4. EXAMPLE APPLICATION .
Example runs of the code were made for the case where ignorance of the ;*"‘
particulate index of refraction is specified by L j
1.7 <n < 1,8 O
0 < x € 0,02 .
®
and A is the AFRPL experimental value A = 0,5145 m,
Both the unimodal and bimodal size distribution were useds Two cases of oo ;
experimental data were run. In both, -
®
T = 0,880 . 1
L =10cm -7 3 o]
c_ =5.5x%x 10 ‘g/cm
d = 3.7 g/en® -
el
"
In the first case, these values were assumed to be exact and the input errors _".;:;_'.
were set to zero, The resulting error in ajp is then due soley to ignorance
of size distribution and index of refraction. In the second case, the o]
following experimental errors were assigned: P, —d
At = 0,03 (~2% error in I and Io; Te- I/Io)
Y
.
AL = 1 cm (10%) L
-8 3 - ‘
3 :A> s .'.4
d = 0.4 g/cm™ (~10%) R

Code results for these two cases with the unimodal size distribution are
shown in Tables 2 and 3 and Figs. 2 and 3. Table 2 lists the 6/132 error o
bounds. AVE4SIG are the “optimistic” error bounds wherein the variation over .____
size distribution is measured by the standard deviation of 6/332; MAX and MIN R
are the “pessimistic™ error bounds wherein the variation over size
distribution is measured by the total range of variation of 6/132. The choice
of whether to be optimistic or pessimistic is a user option. These bound
results are plotted in Figs. 2 and 3, (Note: the Aerospace plotting routines

17




,: Table 2. 6/032 Bounds Listing for Unimodal Distribution

. A32CODE RESULTS
5 NLIMITS N1z 1.700E+00 N2z 1.800E+00
) KLINITS Kl= 0. K2= 2.0008-02

HAVELENGTHz  .S145 MICRON
DISTRIBUTION= (1)

Q/A32 BOUNDS (UNIT=1/MU)
A32(MU) x32 AVE+SIC AVE-816 MAX N

1

1 8.189E-03 1.0008-01 4.271E-01 S.201E-03 4.273E-01 4.873E-03
2 1.032E-02 1.260E-01 4.359E-01 1.080E-02 4.361E-01 9.770E-03
3 1.294E-02 1.580E-01 4.521€-01 2.074E-02 4.526E-01 1.930E-02
4 1.638E-02 2.000E-01 4.846E-01 4.2R2E-02 4.854E-01  3.925E-02
5 2.055E-02 2.510E-01 5.454F-01 8.389E-02 5.469E-01 7.794E-02
6 2.588E-02 3.160E-01 6.847E-01 1.687€-01 6.883E-01 1.567€-01
7 3.259E-02 3.980E-01 9.777E-01 3.411E-01 9.849E-01  3.163£-01
8 4.102E-02 S.010E-01 1.567E+00 6.908E-01 1.581E+00 6.409E-01
9 S5.167E-02 6.310E-01 2.747E+00 1.402E+00 2.776E+00 1.302E+00
10 6.502E-02 7.940E-01 4.955E+00 2.795E+00 5.005E+00 2.616E+00
11  8.189E-02 1.000E+00 8.621E+00 S.262E+00 8.712E+00 5.029E+00
12 1.03CE-01 1.260E+00 1.546E+01 9.099E€+00 1.553E+01 8.649E+00
13 1.294E-01 1.580E+400 2.098E+01 1.8547E+01 2.231E+01 1.545E¢01
14 1.638E-01 2.000E+00 2.258E+01 1.825E+01 2.304E+01 1.809E+01
15 2.055E-01 2.510€+00 2.157E+01 1.768E+01 2.282E+01 1.768E+01
16 2.583E-01 3.160E+00 1.7092401 1.311E+401 1.86SE+01 1.296E+01
17 3.259E-01 3.980E+00 1.067E+01 8.138£4+00 1.140E¢01 7.843E+00
18 4.102E-01 5.010E+00 6.724E400 S5.015E+00 6.645E+00 4.148E+00
19 5.167E-01 6.310E+00 5.494E400 &.681E+00 S5.679E+00 &.312E+00
20  6.502€-01 7.940E+00 &.GB2E+00 3.681E+00 S.154E+00 3.681E+00
21 8.139E-01 1.000E+01 3.167E+00 2.636E+00 3.081E+00 2.225E+00
22  1.032E+00 1.260E+01 2.447E+00 2.208E+00 2.628E+00 2.121E+00
23 1.294E+00 1.580E+01  1.862E+00 1.768E+00 1.930E+00 1.744E+00
24 1.638E+00 2.000E+01 1.415E+00 1.384E+00 1.450E+00 1.305E+00
25 2.055E+00 2.510E+01 1.132E+00 1.071E+00 1.206E+00 1.050E+00
26 2.588E+00 3.160E+01 8.566E~-01 8.357€-01 8.602E-01 8.147€-01
27 3.259E+00 3.980E+01 6.748E-01 6.573E-01 6.879E-01 6.443E-01
28 4.102E+00 5.010E+01 5.312E-~01 5.154E-01 5.433E-01 5.019E-01
29 5.167E+00 6.310E+01 4.136E-~01 4.076E-01 4.164E-01 4.015E-0)
30 6.502E¢00  7.940E+01  3.286E-01 3.230E-01  3.351E-01 3.209E-01
31 8.189E+00 1.000E+02 2.576E~01 2.538E-01 2.606E-01 2.510€-01
32 1.032E+01  1.260E+02 2.026E-01 2.004E-01 2.031E-01 1.984€-01 ©
33  1.294E+01 1.580E+02 1.608E-01 1.8591E-01 1.621E-01 1.577€-01 . 3
36 1.638E+01 2.000E+02 1.265E~01 1.255E-01 1.273E-01 1.255E-01 |
35 2.055E401 2.510E¢02 9.999E-02 9.958E-02 1.002E-01 9.930E-02
36 2.588E+01 3.160E+02 7.907E-02 7.883E-02 7.915E-02 7.865E-02 -
37 3.259E+01  3.980E+02 6.269E-02 6.202E-02 6.281E-02 6.226E-02 1
38  4.102€+01 5.C10E+02 4.959E-02 4.951E-02 4.968E-02 4.951E-02 '
39 5.167E+01 6.310E+02 3.929E-02 3.922E-02 3.932E-02 3.921E-02
40 6.502E+01  7.990E+02  3.116E-02 3.110E-02 3.114E-02 3.106E-02
41 8.189E+01 1.000E+03 2.470E-02 2.467E-02 2.473E-02 2.467E-02
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Table 3. a37 Retrieval Results for Unimodal Distribution

A32 AND TOTAL ERROR RESULTS

FIRST RCWSVALUE

LB=LOWER BRANCH

SECCHD RC4=RMS ERROR =UPPER BRANCH
THIRD RON=PERCENT ERROR 0B=UNDETERMINED BRANCH

ZERO=NOT APPLICABLE

TRANS LcH)

C(G/CM3) D(G/CH3) Q/A(MU-1) A32(MU) RMS ERROR BOUNDS  A32(MU) FULL ERROR 80UND'S
L8 us 08 L8 us o8B

8.800E-01 1.000E+401 5.500E-07 3.700E+00 1.147E+01 1.01E-01 2.9SE-01 2.02E-~01 1.02E-01 3.00E-01 2.08E-01

0. 0. 0. 1.08E-02 1.92E-02 1.12E~01 1.14E-02 2.48E-02 1.17E-01
0. 0. 0. 1.07E401 6.49E+00 5.53E+01 1.12E+01 8.25E+00 5.65E+01

8.800E-01 1.000E+01 5.500E-07 3.700E+00 1.147E+01 1.01E-01 3.04E-01 2.02E~01 1.02E-01 3.06E-01 2.08E-01
3.000E-02 1.000E+00 5.500E-08 4.000E-01 3.676E+00 2.48E-02 7.00E-02 1.12E-01 2.51E-02 7.08E-02 1.17E-01
2.667E401 1.000E+01 1.000E+01 1.081E+01 3.206E+01 2.45E+01 2.30E+01 5.53E+01 2.46E+01 2.31E+01 5.65E+01
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rig. 3. 6/a32 Bounds - Unimodal Distribution, Full-Range Error
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are inhouse and not transferable to other computer facilities; the plot
routine in the delivered version of the code gets everything ready to plot,
but does not actually plot them.)

Table 3 1ists the actual retrieved a3, and its error for both the
optimistic and pessiaistic error bounds. For each of these, three values are
deteruined depending on which branch (if either) of the 6/.32 curve 1s
chosen. For the AFRPL conditions, it is probably safe to assume the upper
branch,

Tables 4 and 5 and Pigs. 4 and 5 repeat the results for the bimodal size
distribution.
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Table 4. 5/332 Bounds Listing for Bimodal Distribution

A32CODE RESULTS

NLIMITS N1l= 1.700E+00 N2z 1.800E+00
KLIMNITS Kilz 0. K2= 2.000E-02

WAVELENGTH=  .5145 MICRON
DISTRIBUTION= 8

Q/A32 BCUNDS (UNIT=1/MW)
A32(M) X32 AVE+SIG AVE-SI6 MAX MIN

I

1 8.189E-03 1.000E-01 4.484E-01 4.875E-03 5.659E-01 4.875E-03
2 1.032E-02 1.260E-01 &4.754E-01 9.771E-03 7.347E-01 9.771€-03
3  1.294E-02 1.580E-01 5.285E-01 1.910E-02 1.074E+00 1.910E-02
4 1.638E-02 2.000E-01 6.535E-01 3.925E-02 1.743E+00 3.925€E-02
S 2.055E-02 2.510E-01 8.936E-01 7.732E-02 2.870E+00 7.732E-02
6 2.588E-02 3.160E-01 1.331E+00 1.567€-01 4.901E+00 1.567E-01
7 3.259E-02 3.980E-01 2.020E+00 3.164E-01 7.973E+00 3.164E-01
8 4.102E-02 S.010E-01 2.960E+00 6.408E-01° 1.375E+01 6.408E-01
5.167€-02 6.310E-01 3.939E+00 1.302E+00 1.291E+01 1.302E+00
6.502E-62 7.940E-01 5.759E+00 2.613L+400 1.407E+01 2.613E+00
8.189E-02 1.000E+00 9.30SE+00 5.074E+00 1.336E+01 5.029E+00
1.032E-01 1.260E+00 1.574E+01 O.685E+00 1.850E+01 5.003E+00
1.2%4E-01 1.580E+00 2.229E+01 1.381E401 2.231E+01 3.909€+00
1.628E-01 2.000E+00 2.277E+01 1.655E€+01 2.315E+01 5.089E+00
2.C55E-01 2.510E+00 2.217E+01 1.6718+401 2.282E+01 6.861E+00
2.583E-01 3.160E+00 1.708E+01 1.273E¢01 1.888E+01 7.078E+00
3.25%E~01 3.980E+00 1.1164E+01 7.616E+00 1.430E+01  6.334E+00
%.102E-01 5.010E+00 6.721E+00 &4.609E400 9.469E+00 4.152E+00
5.167E-01 6.310E+00 5.690€+400 4.491E+00 7.375E400 3.430E+00
6.502E-01  7.940E+00 4.739E+00 3.725E+00 5.151E+00 3.097€+00
21 8.189E-01 1.000E+01 3.120E+00 2.478E+00 3.905E+00 2.2264E+00
22  1.032E+00 1.260E+01 2.546E«00 2.1708¢00 2.694E+«00 1.829E+00
23 1.294E+00 1.580E+01 1.903E+00 1.754E¢00 2.055E+00  1.656E+00
26 1.638E+00 2.000E+01 1.440E+00 1.331€+00 1.503E+00 1.303E+00
25 2.055E+00 2.510E+01 1.163E+00 1.0S7€+00 1.206E+00 1.039E+00
26 2.588E400 3.160E+01  8.642E-01 O8.245E-01 9.416E-01 8.100E-01
27  3.259E+400 3.980€+01 6.804E-01 6.527E-01 6.994E-01 6.440E-01
286 4.102E+00 5.010€+01 S5.356E-01 S5.099€-01 S.432E-01 5.016E-01
29 S5.167E+00 6.310E+01 4.151E-01 4.050E-01 4.277E-01 3.990E-01
30 6.502E+00 7.940E+01  3.313E-01  3.2208-01 3.352E-01 3.190E-01 :
31  8.18GE+00 1.000E+02 2.591E-01 2.526E-01 2.642E-01 2.507E-01 1
32 1.0328+01 1.260E402 2.027E-01 1.995E-01 2.063E-01 1.983E-01 :
33  1.294E+01 1.580E+02 1.616E-01 1.584E-01 1.624E-01 1.574€-01 [

34 1.639E+01 2.000E+02 1.267€-01 1.256E-01 1.276E-01 1.2464E-01 -
35 2.055E+01 2.510£+402 1.002E-01 9.963E-02 1.011E-01 9.924E-02 -

36 2.568E+01 3.160E+02 7.915€-02 7.879E-02 7.995E-02 7.856E-02 C
37 3.259E+01 3.980£402 6.274E-02 6.236E-02 6.334E-02 6.220€-02 L
38 4.102E+01 S5.010E+02 4.967E-02 4.950E-02 4.991E-02 4.961E-02 Lo
39 5.167E+01 6.310E+02 3.933E-02 3.922E-02 3.945E-02 3.915E-02 T
40 6.502E+01  7.940E+02 3.117E-02 3.107€-02 3.128E-02 3.093E-02

PO =t hb P b et pt ot b et ped
QUVUEPNCTVMLSUNFHOW

41  8.189E+01  1.000E+03  2.460E-02 2.441E-02 2.477E-02  2.440E-02 .
4
L.
23 o
R




y——r

; T0¢3LT°0Q -0 0 T043L9°S T0+3¥b°2 T0+36T°C T10+43902°S T043T90°T T0¢3000°T T0+43000°T T0¢3L99°2
. 10-399°1 0 ‘0 T0-29T°T 20-39£°£L 20-32€°€ 00+3929°€ 10-3000°% $0-3005°§ 00+3000°T 20-3000°€
3 10-310°2 o ] *0 10-350°2 10-320°S T0-390°T TO+3ZYT T 00+3004°E L6-300S°S 10+3000°T T0-3009°%
3 10+3L1°9 0 0 T04329°S 00+4306°@ T0+3%E°T *0 ‘0 0 ‘0 ‘0
2 10-3%9°1 0 0 10-39T°T 20-325°2 20-3L5°1 -0 ‘0 ‘0 0 ‘0
| 10-310°2 ‘0 0 10-350°2 10-396°2 T0-3£0°T TO*ALST T 00+300L°€ L0-300§°S T0+3000°T 10-3009°6
p 1) o o @0 en L]

} SONNOA HO¥YA 1INd (NKRI2EY  SONNOY HOUYI SHY (MM)ZEY (T-NKIV/D (EHI/93Q (EKI/9)I (WM SNvilL

AICVIIVddY LON=0¥32

. HONVES QINIHIL20MN=E0
: HONVEd ¥3ddn=Gn
3 HONVHS ¥3IMO1=

BOUY3 INII¥II=MOY OQUIML
d0¥ua SHE=rOY¥ GNOJ3S
ANTVA=MOY L8814

SLINS3Y 20UY3 TVIO0L ONV 28V

UOTINQTIISTQ TPPORTY 10 SITNEsY [wAetalay lfe ¢ arqel

24

5 loa a8 sy

-




)
i S 2%

2
T T T YT T T T T T T VN T T TN T T YT T
] -
L
» 12
3 -
L J
N 8 1
3 - -
i
L 4
i
l"
L J

100

Fig. 4. 61'32 Bounds - Bimodal Distribution, rms Error

b

' TS PWTEE PETTE FUTTE FPUTWY PFEUTE TETEY FUUTEE FUEEE SW I W

n o n o n o

~N - -

25




Py

Py

T 60-61-608

™77

LZERE S e a4

Ty YTy yrverygr

'l YR FUNTEE FTUTEY SUTEE FUTUE CNTTY NWUWE W

LB Jn 2 BB BN S0 UM A N A SR BN AN S AN S0 BN AN BN A AN A BB NN NA Jn On N AN e B L AR AN An an g

1000

| T W W |

10

s
||
|

slaaa
n
~N

(<3
~N

n o n

- -

™ Ferd

26

X32

Fig. 5. 6/‘32 Bounds - Bimodal Size Distribution, Full-Range Error

— s

LTI o L X

4 D
!
i




Ty Y

APPENDIX

A32CODE Listing’

27




100
11¢
120
130
140
150
160
170
190
190
200
210

220

230
244
250
250
27¢
280
290
100
310
320
330
340
350
340
370
3ec
190
400
410
420
439
440
450
A4¢
470
480
490
500
514
300
53¢
SLIY
350
S56¢
570
580

o

[\ IF e

[

R —y o T —— P ->— v

FROGRAM AJZ2CODE (INPUT,OUTFUTTAPE2,»TAPEZ) TAPES=INPUT,TAPES=OUTPUT)

DIMENSION YLMAX(2),YUMAX{2)

DIMENSION AUR(2)sDUBR(2)sEUB(D)

DIMENSIDN ALR(2)sDLB(2)ELB(2)

DIMENSION AOB(2)DOR(2)EQR(2D)

REAL N1yN2yK1,K2yNINDEX(10) +KINDEX(10)sL
COMMON/QDATA/X3I2(41),XXXX1(8873)
COMMON/QFUNC/QBAR(41),0SIB(41)>ANIN(4L) »OMNX (A1)
COMMON/ROUND/A32(41)»BU(2:41)9BL(2+41)

READ AND LIST INPUT DATA
READ(S+100) N1sN2,K1»K2sWLsDISTR
WRITE(6+200)
WRITE(S59201) N1sN2
WRITE(6+202) K1sK2
WRITE(65203) WL
WRITE(6+204) DISTR
READ QFILE DATA
CALL READQ(DISTH)

SET UP VARIATION ARRAYS

NN=§

KN=3

DELN=(N2-N1)/(NN-1 .Y

10 1 N=1sNN

NINDEX(N)=NI+{(N=~1,)XDELN

DELK=(K2-K1)/(KK-1.}

D0 2 K=1,KK

2 KINDEX(K)=K14(K-1.)XDELK

SET UP AZ2 ARRAY AND INITIALIZE FOR UPPER AND LOMER BOUNDS SEARCH
£C=46.283185308/4L
DO 3 1=1,41
A32(1)=XT2(1)/CC
B0 3 M=1:7
RU(My1)=0,

3 BL(MyI)=1,E90

FERFORM VARIATION OVER INDEX OF REFRACTION AND SET UF LOWER AND

UPFER BOUNDS SEARCH
DO 4 N=1,NN
10 4 K=1sKE
CALL QINT(NINDEX(N)KINDEX(K)?
0 4 I=1,41
AMAX1=CCX(OEAR(II40SIG(I))
OMINI=CCX:OBAR(I)-0SIB(1))
AMAX2=CCRAMAX(T)
QMIN2=CCROMIN(T)
IF(OMINLI.LT,QNIN2) QMINI=QMIN2

-
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390
60C

d 610
629
630
£40
: 450
- 460
|| 670
B 680
- 490
- 700
< 719
720
720
7440
750
760
779
780
790
89090
810
820
219
2420
854
850
870
geo
890
900
910
920
930
940
954
240
970
280
990
1060
10140
1420
103¢
1049
1050
1050
1070
1080

IF(QMAXT.BT.RUCL, 1)) BU(1,1)=0MAX1
IF(QMINI.LT.BL{1s1)) BL(1»I)=GMINI
IF(QNAX2.5T.RUC(2,1)) BUC2»1)=0MAX2
IFCOQMIN2.LT.BLY2yI)) BLY2+1)=QMIN2
4 CONTINUE
C PRINT BOUNDS RESULTS

WRITE (6,300

WRITE(6,301!

De S I=1sA2

S WRITE(69302) 19A32¢I)yX32(1)»BU(L21)9BL(2yI)sBU(2,I}sBL(2,])
C FIT UPPER AND LOWER BOUND RESULTS WITH QUADRATIC SEGMENTS

DELX=0,2302383510

CALL CURFIT(0»1,41,DELX,YLMAX(1))

CALL CURFIT(1,1,41,»DELX» YUNAX(1))

CALL CURFIT(0»2r41+DELX,YLMHAX(2))

CALL CURFIT(1s2+41+DELXy YUNAX(2))
C FLOT EBOUND RESULTS

CALL FLOTROYUNAX)

b

C DATA PROCESSING LODP
WRITE(6140C)
WRITECL,401)
WRITE(62402)
WRITE(6540%)
WRITE(Ay 402"
WRITE(6,495)

£ READ EXPERIMENTAL DATA AND COMPUTE EXPERIMENTAL ERRCR

& READ(S,102) TRsDTRsLeDLsCeDCoDRyDD
IF(EOF(S)) 78

7 STOP

8 ET=-100.XDTR/(TREALOG(TR)}
EL=100.xDL/L
EC=100.%DC/C
ED=100.XDD/0
Yz-4,E-4RDRXALOG(TR) /(3. 2L D)
EY=SORT(ETXETIELXEL+ECRECHEDRED)
DY=EYXRY /100,
YP=Y4DY
1M=Y-DY

(o]

€ M=2 IMPLIES FULL-RANGE
0o 11 M=o
€ INITIALIZE BRANCH RESULTS
AUB(M)=0,
ALB(M) =0,
AOR (M) =0,
DUR(M)=0.
DLB(M)=0,
BOB(M)=0,
EUBR(M)=0,

30
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1090
L1100
1110
1120
1130
114¢
1150
11560
1170
1180
1190
1200
1210
1220
1230
1240
1250
1250
1270
1280
1290
1300
1310
132¢
1330
1340
135¢
1249
1379
1380
1290
1400
1410
1420
1430
14490
1450
14460
1470
1480
1490
1300
1510
1529
1520
1540
1350
1560
1570
1380

c

C

£

ELB(M)=0.
EOB(M)=0.
UNDETERMINED(OR UNKNOWMN) BRANCH ANALYSIS
=Y
IF(Z.LE.YUNHAX(M)) GO TO ¢
Z=YH
IF(Z.GT.YUMAX(M)) GO YO 10
9 CALL ROOTS(1:M:415Z9A11A2)
ACE(M)=(A2+A1)/2,
DOB(M)=(A2-A1)/2.
EOB(M)=100.XDOR(M)/AOB(N)
LOMER AND UPPER BERANCH ANALYSIS
10 IF(YF.6T.YLMAX(M)) GO TO 11
CALL ROOTS(1:M»41,YP:ALUP,A2UP)
CALL ROOTS(OsMr41:YP»ALLPIA2LP)
CALL ROOTS(1,Ms41,YMyAIUM»AUM)
CALL ROOTS(OsMr41»YMsALLMIAZLHM)
ALB(M)=(AIUP+ALLP+ALUNTALLN) /4,
DLB(M)=(AILF-ALUM) /2.
ELB(M)=100.%DLB(M)/ALB(N)
AUB(M)=(AZLP+A2UP+AZLMTA2UM) /4,
DUB (M) ={A2UN-A2LP)}/2.
EUB(M)=100, XDUB(M) /AUR(N)
11 CONTINUE
FRINT RESULTS AND CONTINUE DATA FROCESSING LOOP
WRITE(&,406)
WRITE(469407) TRoLsCorDs Yo (ALB(M) »AUB(M) s AQR(M) yM=1+2)
WRITE(65407) DTRyDLYDC,DIDY s (DLB(M) yDUR(N)» DOB(M) »M=1,2)
WRITE(61407) ETHsELSECHEDIEY» (ELB(M) »EUB(M)sEQR(M)»¥=1,2)
60 10 &

100 FORMAT(SE10.0+9XrA2)

101 FOKMAT(BE10.0)

200 FORMAT(1HL»/4X»XA32CODE RESULTSX /)

201 FORMAT(BXsXNLIMITSK,11XsEN1=X,1PEL10.3»IX2AN2=XsE10.3 )

202 FORMAT(BXyRKLIMITSX: 1 1XsXK1=X91PELO,T9IXr»XK2=%1EL10.3 /)

203 FORMAT(8XrAWAVELENGTH=%;F8.4,% MICRONX)

204 FORMAT(BXy¥DISTRIBUTION=X)11XsA1 ///)

300 FORMAT(4X,%k0/A32 BOUNDS (UNIT=1/MUIR /?

301 FORMAT(SXoXIRs4X2RAT2(MUIXs 7X 9 XXT2K9 7Xs» RAVEHSIGE» SX s XAVE-SIGXy 7Y
Y ANAXEsPY o AMINE /)

302 FORMAT(IS8+1P6ELD, D)

400 FORMAT(1M1,/IXs%A32 AND TOTAL ERROR RESULTSK /)

401 FORMAT(AXsXFIRST ROW=VALUE LB=LOWER ERANCHX?

402 FORMAT(46X»XSECOND ROW=RMS ERROR UB=UPPER BRANCHK)

403 FORMAT(6X»XTHIRD ROW=PERCENT ERROR 0B=UNDETERMINED BRANCHX)

A04 FORMAT(/6X+»XZERO=NOT APPLICABLER /)

405 FORMAT(SXs BTRANSRySX)RL(CHI X2 AXsBC(G/CHII R+ 2Y 1 RD(B/CHII NI 1Yy
X XQ/A(MU-1)%2X 9 XAT2(MU) RMS ERROR BOUNDSXs2IY»%A32(MU) FULL ERROE
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15%¢ XBOUNDSS /SEXsSLBEs 7Xo MURKs 7X s 80BR» 7X o BLBX ) 7Y« SUEK 7Y $0RE /)
160C 406 FORMAT(/)
1619 407 FORMAT(2X»1FPSEL10.314E9.2)

1420 END e
1430 SUBROUTINE READO(DISTR)

1640 C

1650 C READ OFILE DnTa

16460 C

187¢ REAL NINDEX(9)»KINDEX(&) )
1680 DIMENSION X32(41) -
14690 DIMENSION QBAR(916,41)+0SI6(P+4541)r0MIN(D14:41)ONAX(Dr4041) b
1700 COMMON/QGDATA/XI29 NNy NKs NINDEXsKINDEX» OBAR»QSIG»OMIN» QMAX S
1710 C

1720 IF(DISTR.ED.1HU) M=D <]
173¢ IF(DISTR.EQ.1HB) M=3 )
1740 READ(M+300) (X32(I)»1=1,41) -
1759 READ(Ms101) NNINK ¢~.;
1760 DO 1 N=1sNN L
1770 DO 1 K=1yNK <o
1780 READ(Ms100) NINDEX(N)»KINDEX(X)

179% READ(Ms100) (OBAR(NsKsI)y»I=1,41) -
1800 READ(M:100) (OSIB(NIKyI)»I=1y41) pmE
1810 READ(M»100) (QMIN(NIK>I)sI=1,41%) —
1820 REAR(Ms100) (AMAX(NsKsI)eI=1s41) o
1830 1 CONTINUE D
1840 RETURN L
185¢ © .if}:
1860 100 FORMAT(BE10.0 o
1879 101 FORMAT(2I10)

18890 END
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SUBROUTINE QINT(NINDEXsKINDEX)

INTERPOLATE ON QFILE DATA TO GET QDATA AT NINDEX AND KINDEX

DIMENSTION FBAR(2)/FSIG(2)9FMIN(2)FNAX(2)

REAL NINDEX»KINDEX»NFILE(9)sKFILE(6)

DIMENSION GBAR(9+6941)+6S1G(998141)sGHIN(?s6141)yGHAX(Dr441)
COMMON/QDATA/XXXXX(41) s NNsNKsNFILEsKFILE »GRARYGSIG s GMIN» GMAX
COMMON/QFUNC/0BAR(41),0SI6(41),QMINCAL ) ,OMAX (41)

LOCATE FILE ENTRY FOINTS

DD 1 N=1sNN
IF(NFILE(N).GT.NINDEX) 60 TO 2

1 CONTINUE

N=NN

2 D0 3 K=1,NK

IF(KFILE(K).6T.KINDEX) GO TO 4

3 CONTINUE

K=NK

SIZE PARAMETER LOOP
4 D0 6 I=1,41
INTERPOLATE ON N {LINEAR-LINEAR)

D0 S L=1,2

M=K-24L

DEL=(NINDEX-NFILE(N-1)}/(NFILE(N)=-NFILE(N~1}}
FBAR(L)=6BAR(N-1)Ms»I)+(GBAR(NsM»I)-GBAR(N-1,MsI))RDEL
FSIG(L)=GSIG(N-1+MsI)+(GSYG(NsMsI)-GSIG(N-2+¥,1))RDEL
FMIN(L)=GMIN(N-1sMsI)+(GMIN(Ns Mo I)-GMIN(N-1:MyI))RDEL

5 FHAX(L)=GMAX(N-11MrI)+(GHAX(Ns M I)~GMAX(N=-1sMs 1)) XREL
INTERPOLATE ON K (LOG-LINEAR)

[Sm}

DEL=(KINDEX-KFILE(K-1))/(KFILE(K)-KFILE(K-1))
QBAR(I)=FRAR(1}X(FBAR(2)/FBAR(1) )$8DEL
QSIG(I)=FSIG(1)X(FSIG(2)/FSIG(1))RRDEL
AMINCI) =FRINCL)R(FHINCD)/FHINCL) ) RSDEL

6 GMAX(I)=FMAX(1)X(FMAX(2)/FHAX(1))SSDEL

RETURN
END
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100 SUBROUTINE CURFIT(IBOUNDsMsN»DRELXyYMAX)

110 ¢
120 € QUADRATIC CURVE FIT TO 0/A32 VS A32 RESULTS
13¢ ¢
140 COMMON/BOUND/XXXXX(41)»BU(2,41)»BL(2+41)
150 COMMON/COEFF /ACU(2940) yBCU(2,40) sCCU(2140) sACL (2540) yBCL(2,40) 5
160 X CCL{2,40)
170 €
180 C LOOP TO OBTAIN QUADRATIC COEFFICIENTS FOR ALL A INTERVALS AND
190 C DETERMINE ARSOLUTE MAXINUM
200 YHAX=0,
210 NN=N-2
220 DO S I=1,NN
- 230 IF (IBOUNI.ED.1) GO TO 1
240 Y1=RL(N¢ D)
E 250 Y2=BL(Ms 141)
; 260 Y3=BL(M) [42)
; 270 60 T0 2
280 1 Y1=BU(MsD)
290 Y2=RU(Ms I41)
390 Y3=BU(Ms 142)
310 2 A=ALOG(Y18Y3/Y2%X2)/ (2, KDELXX22)
220 B=ALOG(Y2%%£4/(Y3RY1%£53))/ (2, 8DELX)
330 C=ALDB(Y1)
140 IF(A.GE.0.) GO TO 3
350 TEST=-B/(2.2A)
360 IF(TEST.LT. 0.) 60 10 3
170 IF(TEST,6T.DELX) 60 TO 3
380 YE=EXP(C-BAB/(4.4A))
190 IF(YE.BT.YHAX) YMAX=YE
400 3 CONTINUE
410 IF (IBOUND.EQ.1) GO TO 4
420 ACL(NyI)=A
430 BCL(M»1)=B
440 CCL(M I =C
450 60 TO S
460 4 ACUMY [)=A
470 BCU(Ms 1) =B
480 CCU(Ms 1) =C
490 S CONTINUE o
500 IF(IBOUND.ED.1} GO TO 4 -
514 ACL(MsN-1"=ACL /My NN} .
520 BCL(MyN-1)=KCL <My NN? ]
530 CCL(MyN=1)=CCL{MINN) B
540 RETURN
557 6 ACU(MIN-1)=ACU(M)NN) .
560 BCU(MsN~1)=BCU(MsNN) -
570 CCUCMIN=-1)=CCU(MINN) ‘
580 RETURN
390 END
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SUBROUTINE FLOTB(YUMAX)
PLOT UPPER AND LOWER D/A32 VS A32 CURVES

DIMENSION AP(41)sYU1(41)»YU2(A1)»YLL(A1)YL2(AY)
DIMEMSION YUMAX(2)
COMMON/BOUND/A32(41)sRU(2,41)+BL(2+41)

SET UF PLOT LIMITS
NPOINTS=41
ARIN=IFIX(ALOG10(A32(1)))~1,
AMAX=IFIX(ALOG10(A32(41)))+1,
YIMAX=TFIX(ALEG10(YUMAX(1)))+]1.
YIHIN=Y1MAX-3.
Y2HAX=IFIX(ALOGI1O(YUNAX(2)})¢1,
Y2MIN=Y2MAX-3,

SET UF PLOT YARIARLES
BC 1 I=1.41
AP (I1)=ALOG10(A32(I))
YUL1(I)=ALOG10(BU(1,1))
YLI(I)=ALOGI10(BL(1,]))
YU2(I)=ALOGIO(BU(D2,I))
YL2(I)=ALOGIO(BL (2,1
IF(YUR(D) LT YIMINY YUR(ID=YIMIN
IFCYLLCT) LT, YIMIND YLIC(I)=YIMIN
IF(YU2(TI).LT.Y2HIN) YU2(I)=Y2MIN
IFCYL2CT) JLTOY2MINY YL2(I)=Y2MIN

1 CONTINUE

PLOT YUR(I) AND YLI(I) VS, AP(I) I=192y...oNFOINTS ON LINEAR-
LINER PLOT TQ GET UFFER AND LOWER BOUND CURVES AFPFROPRIATE TO RMS
ERROR IN SIZE DISTRIBUTION

FLOT YU2(I) AND YL2(I) VS, AP(1) TO GET CORRESPONDING RESULT FOR
FULL RANGE ERROR IN SIZE DISTRIBUTION

SUGGESTEDR X-AXIS TITLE --- LOG10 AJ2(MICRON)
SUGGESTED Y-AXIS TITLE --- LOG10 0/A32(1/MICRON)

SUGGESTED TITLE FOR FIRST PLOT --- ERROR ROUNDS FOR RMS SIZE ERROR
SYGGESTED TITLE FOR SECOND FLOT -- ERROR BOUNDS FOR FULL-RANGE SIZE

ERROR
DELETE ABOVE CCMMENTS AND INSERT YOUR PLOTTING ROUTINES HERE
RETURN
END

35

B iomalhnsi . P S WD SUUE W S D . P Y pas}

.
e

»
N
R ]
N
T
_
e
.’--——4
.
BERS
. T .-‘
g
9




ad O (i B LK
IR AN

‘_ﬂ&u’-‘p.‘.'-.

D D> O OO

I rary

SUBROUTINE ROOTS(IBOUND »MsN»YrAlyA2)

¥
€ DETERMINE LOWEST AND HIBHEST INTERSECTIONS OF Y MITH
c BOUND CURVE
¥
DIMENSION AR(10?
COMMON/BOUND/AZ2{41) o XXXXX(164)
COMMON/COEFF/ACU(2/,40)+BCU(2+40)9CCU(2,40)sACL(2,40)+BCL(2,40),
X CCL(2s40)
DATA DELX/0.,230258510/
£
C SEARCH FOR ROOTS IN ALL A32 INTERVALS
NR=0
NN=N-1
DO 4 I=1,NN
IF(IBOUND.EO.1) 60 TO ¢
A=ACL (Ms I
B=BCL(MsI) ‘
C=CCL{MyI)
G0 10 2
1 A=ACU(M, T
B=BCU(MyI)
C=CCU(N,sIN

rJ

TEST=BXE-4,.xAX(C~-ALOG(Y))
IF(TEST,LT,0.) GO TO 4
TEST1=~-(R-SORT(TEST))/(2.2h)
TEST2=-(R+SQRT(TEST))/(2.%A)
IF(TEST1.LT.0,) 60 TD 3
IF(TEST1.GE.DELX) GO TO 2
NR=NR+1
AR(NR)Y=AZ2(I)REYP(TEST)
[F(TEST2,LT.0,) GO TO 4
IF(TEST2,.6E.DELX) GO TN 4
NR=NR+1
AR(NR)=AZ2 (1) FEXP(TESTY)

4 CONTINUE
C FIND LOWEST AND HIGHEST ROOTS
IF(NR.NE,O) 60 TO 5
Al=0,
A2=0,
RETURM
[F(NR.NE, 1) 50 TD 4
a1=0.
A2=aR‘{ 1)
RETURN -
& AL=1.E99 a ]
A2=0, o
[0 7 L=1sNR
IFCAR(L) LT, AL) AL=ARIL)

Cad
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Y
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3260 IF{AR(L).6T.A2) A2=zAR(L)
3270 7 CONTINUE

a8 RETURN

3290 END
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